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1 . INTRODUCTION 
1.1. General 
Injection of frozen p*sllots of deuterium or ether hydrogen 
isotopes may be necessary in large tokamaks for refuelling, 
control of density profile, diagnostic purposes, etc.. In any 
case it is imports it to be able to measure the size and velo-
city of a pell t without exerting any influence on it. This 
has been done previously in a system with a combination of 
optical and microwave equipment! •'. In attempting to simplify 
the set-up by avoiding the opti. i part of the system, in-
vestigations have be^n made to -.est the feasibility of a 
double interaction with the microwave system. By suitably 
bending the microwave transmission line, it is possible to 
allow the pellet to pass the microwave system not only in the 
measuring cavity at the end of the transmission line for mass 
measurement, but also directly in the transmission line it-
self in order to have another timing signil for velocity 
measurement. A sketch showing the idea of tht- new set-up is 
given in Appendix A, Fieure 1. 
1.2. Applications 
With a succetsful result of these preliminary investigations, 
the idea is to use this kind of set-up at the ORKL five-shot 
injector installed at JET. This injector may deliver pellets 
of equal diameter and length of 2.6 - 6.0 mm. The large pel-
lets and the distance required between the barrel and the 
measuring cavity combined with the scattering angle of 0.5 
degrees for this injector, will give the necessary size of 
the pass-hole in the cavity and in the transmission line. 
Figure la shows the maximum deviation of the centre of mass 
of the pellet from the axis of the pass-holes at the position 
l)v. Andersen et al., q^uipmen- for measuring pallet masses 
and velocities. Operatori manual. May 1985, Risø-M-?S96. 
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of the measuring cavity and at the pass-hole in the transmis-
sion line, respectively. Nevertheless, it is desirable to 
keep the dimensions of the waveguide as small as possible 
because of space demands. The smallest waveguide with a 
dimension above the largest diameter of the pass-hole is WG 
16 (10 x 23 mm internal), and the investigations have been 
performed with this type of waveguide. 
2. SPECIFICATIONS 
The system should be used for deuterium pellets at three 
different sizes: 2.6, 4.0 and 6.0 mm. In the test we have not 
ben using deuterium pellets, but dummy ones made of teflon. 
In a system optimized for real deuterium pellets, teflon 
dummy pellets equal in size to the deuterium pellets would 
have saturated the measuring system. Therefore, the size of 
teflon pellets have been chosen as linearly 70% of the real 
pellets in order to give the same signal as the corresponding 
deuterium pellets to secure linearity of the sensitivity. 
As the signal from the microwave system is proportional to an 
integration of the electric field over the volume of the 
pellet, fluctuations in the field will be smoothed out by 
larger pellets. This will decrease the relative variation in 
the pellet signal versus the position in the pass-hole for 
larger pellets. This is clearly seen by comparing the results 
for different sizes of pellets in the same microwave set-up 
(see for instance Graph 2, Graph 3 and Graph 4 in Appendix 
B). For the same reason the variation in signal will be de-
creased for real deuterium pellets as compared to the dummy 
pellets. The exact improvement depends on the size of the 
pass-hole, the size of the pellet and the distortion of the 
electric field in the region of measurement. Assuming hat 
the electric field is sinusoidal the improvement may be cal-
culated, and gives for the largest hole size in the cavity 
(13.7 mm) a factor of 1.2 - 1.6 depending of the size of the 
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pellet. It is seen from the measured results that the field 
is strongly distorted because of the pass-hole as compared to 
the original sinusoidal shape, especially in the longitudinal 
direction. However, as a rule of thumb, the variation in 
pellet signal versus position in the pass-hole may be ex-
pected to be decreased because of this size effect with a 
factor of 1.5 for the real deuterium pellets as compared to 
the results given in the graphs. Furthermore, the variations 
from the center to the outer position will be decreased for 
larger pellets, because the allowed deviation of the center 
of mass for these pellets are smaller. The improvement by 
this effect is significant, and may be found from the actual 
graphs in Appendix B. 
As the detection of the pellet is a DC measurement, no effort 
has been made to shoot the pellets through the pass-hole, 
which would then introduce an uncertainty in positioning the 
pellet properly in flight. Instead the pel. t has been placed 
stationary within the microwave cavity, fixed by a 0.03 mm 
nylon wire with no measurable effect on the microwave signal. 
With this method the position of the pellet in the microwave 
can be determined with a relative accuracy of about 0.1 nun, 
and the response of the pass-holes versus the position of 
the pellet has been investigated along the axes shown in 
Appendix A, Figure 2. The influence on the cavity signal of 
the hole in the transmission line is not critical with re-
spect to the length of the transmission line, and we have 
used a length of about 1 m. 
3. TEST RESULTS 
3.1. Cavity response without pass-hole in the transmission 
line 
The distance between the gun barrel and the measuring cavity 
is expected to be 350 mm. Taking the scattering angle of 0.5 
degrees and the size of the pellets into consideration, the 
holes needed will bet 
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Cavity hole Pellet size (deuterium) 
13.7 mm 6.C mm 
10.9 mm 4.0 mm 
8.9 mm 2.6 mm 
It would be convenient if the largest hole were usable for 
all three sizes of pellets, because the pellet could then be 
changed without any modification of the measuring cavity. 
Therefore, the response of the cavity versus the position of 
the pellet in the pass-hole has been investigated for the 
following combinations: 
Cavity hole Pellet size (deuterium) 
13.7 mm 2.6, 4.0 and 6.0 mm 
10.9 mm 2.6 and 4.0 mm 
8.9 mm 2.6. mm 
The results are given in Appendix B, Graphs 1 - 9 . 
In all the graphs in Appendix B, we have indicated the size 
of the pass-hole, and by a hatch area the size of the pellet. 
Several diaphrams between the transmission line and the cavi-
ty have been tested to find a coupling that gives the most 
constant signal at all positions of the pellet along the 
longitudinal and transversal axis. The sensitivity has been 
given by the response in the middle of the hole and the rela-
tive a deviations at the two ends of the axis. As the maximum 
deviation from the axis of the pass-hole to the centre of 
mass of the pellet, because of the scattering angle of 0.5 
degrees, is about 3 mm in the measuring cavity, the average 
sensitivity inside this radius has been given in the graphs 
as well. Furthermore, a curve has been given for the response 
of the cavity along the line of flight of the pellet pene-
trating the cavity. In Graph 1 the response is given for a 
plain hole of 13.7 mm in the cavity. With such a large 
opening, the response was very much influenced by the sur-
roundings of the cavity. To avoid this influence a chimney-
pot has been mounted on the hole as shown in Appendix A, 
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Figure 3. In figure 4 a photograph is showing a cavity with a 
plain hole as well as a cavity with a chimney-pot. Further-
more, the tuning piston and the diaphram between the cavity 
and the transmission line are shown. As an extra effect of 
the chimney-pot it is seen from Graphs 1 and 2 that the 
response from the cavity is increased by nearly 70%. Graphs 3 
and 4 give corresponding results for the middle-size and 
small pellets. It is clearly seen, as stated earlier, that 
the local strength of the field is smooted out by the larger 
pellets. Furthermore, the deviations given for the outer 
positions of the axes are larger for the smaller pellets, 
because the centre of mass of these pellets may pass further 
from the axis of the pass-holes. 
In Graphs 5 - 8 the cavity hole has been reduced to 10.9 mm 
corresponding to the necessary size for the middle-size pel-
let. Again the response has been investigated with and with-
out chimney-pot, but at this size of hole, the effect in 
sensitivity is seen to be more marginal (5 - 10%). Further-
more, the influence from the surroundings on a plain hole of 
this size is not very significant. Therefore, at the smallest 
size of hole, 8.9 mm (Graph 9), a chimney-pot has not been 
used. 
Some of the graphs for the longitudinal sensitivity show a 
still increasing or decreasing shape, indicating that the 
pass-hole is not places in the optimum position. If the de-
viation at the edge of the hole is within a few percent, the 
result has been accepted to avoid unnessary and time-consum-
ing efforts, because in such a case, the feasibility and a 
reasonable accuracy has been demonstrated. 
The percentage diviations given in the graphs occur purely 
because of changes in the sensitivity along the axis, and do 
not indicate the presence of noise. The noise level is less 
than 0,4 mV for all the measurements, giving a signal-to-
noise ratio of 225 - 8850 for the region of signals observed 
in the cavity. 
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As expected from previous experience, good results were ob-
tained for the system without pass-hole in the transmission 
line if the size of the hole in the cavity corresponds to the 
size of the pellet. For the large pass-hole used for all 
three sizes of pellets, the response in the middle of the 
cavity versus the pellet size has been given in Graph 10, 
showing a reasonable system linearity. 
The fluctuation in the signal along the longitudinal direc-
tion is below 10% for the smallest pellet, and even better 
for the other ones (see Graphs 2 - 4). In the transverse 
direction the fluctuations are somewhat worse, because the 
signal must decrease when we approach the side walls of the 
waveguide. However, taking into consideration that the pellet 
will be photographed, this could be done in a direction 
giving the transverse position. This will give the possibili-
ty of correcting for this position, and therefore the respon-
se of the cavity for all positions of the pellet could easily 
be within 10% even for the smallest pellet. For this reason, 
the large size of pass-hole in the cavity has been chosen for 
the next point: Cavity response with pass-hole in the trans-
mission line. 
3.2. Cavity response with pass-hole in the transmission 
line 
The influence on the sensitivity of the cavity because of a 
hole in the transmission line has been investigated. As a 
bending of the transmission line with reasonable curvature 
has no significant influence on the behaviour of the system, 
we have used a straight system with a distance of about 550 
mm from the hole in the cavity to the hole in the transmis-
sion line. The sensitivity of the cavity has been investi-
gated for the following combinations of pellets and hole 
sizes in the transmission line. The size of the hole in the 
cavity is fixed at 13.7 mm. 
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Hole size in the 
transmission line 
1 9 . 8 mm 
1 7 . 0 mm 
1 5 . 0 mm 
P e l l e t s i z e ( d e u t e r i u m ) 
2 .6 mm, 4 . 0 mm and 6 .0 mm 
2 .6 mm and 4 . 0 mm 
2 .6 mm 
By compar ing Graphs 2 - 4 and Graphs 11 - 13 i t i s s e e n , a s 
shown i n t h e t a b l e be low, t h a t t h e s e n s i t i v i t y of t h e c a v i t y 
h a s been d e c r e a s e d by a f a c t o r of a b o u t 2, b e c a u s e of t h e 
h o l e i n t h e t r a n s m i s s i o n l i n e . 
Pe l l e t Without hole in With hole of 19.8 mm Factor Average 
s i ze transmission l ine in transmission l ine 
6.0 itm 
4.0 mm 
2.6 im 
3540 mV 
1140 mV 
330 mV 
1780 mV 
510 mV 
160 mV 
1.99 
2.24 
2.06 
2.1 
However, the diaphram between the transmission line and the 
cavity had to be changed because of the hole in the transmis-
sion line to obtain reasonable working conditions. Therefore, 
the hole is not the only difference between the two set-ups. 
So, the given results indicate that a loss of no more than a 
factor of two is possible, and this result may even be 
slightly improved. The tendency that a larger pellet will 
smooth out the change in electric field, giving a smaller 
relative variation along the axes seems no longer to be va-
lid, this might be because of the mutual influence between 
the two holes that alters the field distribution that is 
affected by a pellet. However, the overall tendency of the 
relative variations are very much the same as without the 
hole in the transmission line. This means that in the longi-
tudinal direction a measurement of better that 10% may be 
expected, whereas for the transverse direction another indi-
cation of the position is still needed, in order to correct 
in the measured tignal. 
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Similar to the situation without pass-hole in the transmis-
sion line, the average sensitivity inside a radius of 3 mm 
has been given in graphs 11 - 12. In attempting to make a 
scaling to larger geometries, the sensitivity inside a radius 
of 2 mm and 1.5 mm, respectively, has been given as well. The 
results of this scaling have been discussed later on. 
It is seen from the next graphs. (Graph 12 - 16) that the size 
of the holes in the transmission line has only minor influen-
ce on the sensitivity of the cavity. In the case of a 19.8 mm 
hole in the transmission line, the linearity of the cavity 
signal has been tested again as shown in Graph 10. It is seen 
that the linearity is still completely satisfactory. 
3.3. Response of the pass-hole in the transmission line 
Along with the investigations of the sensitivity of the 
cavity for different sizes of hole in the transmission line, 
the sensitivity of the latter has been investigated as well. 
Because of the extreme large holes, the deviations along the 
axes are rather severe, up to a decrease in signal of about 
80% as compared to the signal in the middle of the hole. 
However, these signals are to be used only for a timing 
signal to give the velocity of the pellet. The size of the 
signal is therefore unimportant as long as it is sufficient 
as a trigger pulse. With the smallest pellet placed at the 
edge of the largest hole, we still found a signal of 20 mV, 
giving a signal-to-noise ration of 50, which should be suf-
ficient. Comparison with the next graphs (Graph 18 - 22) 
shows that the size of the pass-hole has only minor influence 
on the signal in the middle of the hole. 
4. DISCUSSION 
To evaluate the ability of a microwave system to doubly 
interact with the pellet, to give as well the mass as the 
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velocity of the pellet, it is necessary to specify the needs 
in the measurements. 
The accuracy in the velocity is only a question of the di-
stance between the two holes, and will depend on the disposed 
space and the aiming accuracy of the pellet injector. The 
size of the signal from the pellet in the pass-hole in the 
transmission line is strongly dependent on the position in 
the hole. But as this signal is used only as a time trigger 
this is of no importance. 
If an accuracy on the pellet mass of 10% is sufficient, it 
has been shown that the system is able to fulfil this re-
quirement along the longitudinal axis of the hole, because 
the hole distorts the field in a suitable way, for this 
purpose. Along the transverse axis a similar distorsion is 
not possible because of the close vicinity of the side walls 
of the microwave tube. Therefore another indication of the 
Iallet position in this direction is necessary to correct the 
signal. This indication might come from a photograph of the 
pellet. With such a correction it should be possible to 
measure the mass within 10% in all cases. 
Mounting the system in a real set-up will give problems be-
cause the axes of the two holes has to be on exactly the same 
line, as shown in Appendix A, Figure 1. The strong distorsion 
of the field pattern due to the holes, will complicate calcu-
lating the right position of the holes in the waveguide 
exactly. So, the right position, giving a symmetrical distri-
bution of the signal along the axis, has been found by an 
iterative procedure moving the holes as well as the tuning 
piston in the cavity to the positions for attaining the best 
result, figure 5 in Appendix A shows the technique in ob-
taining a movable hole. 
An important question about the feasibility of the system is 
the influence of a long transmission line that will be 
necessary if the system should be used at JET. The aim of 
this work has been to investigate the influence of a hole in 
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the transmission line on the sensitivity of the cavity, as 
well as the sensitivity of the hole itself. For this we have 
used a 0.9 m long transmission line. We have previously ex-
perienced that the cavity system may be used with a long 
transmission line without serious problems (up to 20 m), but 
we may expect problems with the sensitivity of the hole in 
the transmission line. When using this hole for a measure-
ment, the transmission line itself may be seen as a cavity. 
Normally the signal from a cavity is proportional to the size 
of the pellet, and inversely proportional to the size of the 
cavity. In that case the sensitivity of the transmission line 
should be expected to decrease in proportion to the length of 
the transmission line. To get an indication of the influence 
of a long transmission line, we have made a set-up with a 
length of 7 m. By extrapolating from this system to 20 m 
indicates that for such a system the signal in the cavity 
will be decreased by a factor of about 3 and the signal in 
the transmission line may be decreased by a factor of about 
70 as compared to the 0.9 m system (see Appendix C). 
To improve the signal from the transmission line, we suggest 
a new set-up in which the pass-hole in the transmission line 
is replaced by a side-branch ending in a cavity. We have 
tried to set-up a system following this principle. This 
system is shown in Figure 6 in Appendix A. In a real set-up 
the end of the transmission line will have to be bend to 
place the pass-holes at the same axis. Without going into 
detail in investigating this system, we have got the indica-
tion that at longer systems, the signal in the side-branch 
will decrease only with about the same factor as that in the 
original cavity. 
In case a better accuracy is needed, one could possibly go to 
a larger system to decrease the relative distance from the 
axis of the pass-hole to the position of the pellet. Decreas-
ing this distance with a factor of two would correspond to a 
linear increase of the waveguide with the same factor. There-
fore, the uncertainty inside a radius of 1.5 mm in WG 16 
waveguide system used, would correspond to the uncertainty 
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inside a radius of 3 mm in a WG 12 waveguide system. Similar-
ly, an estimate of a WG 14 system could be found from the 
uncertainty inside a radius of 2 mm in the WG 16 system. To 
get a more proper scaling, the size of the pellet ought to be 
diminished. Furthermore, the size of the pass-hole might be 
diminished. The first effect will worsen the uncertainty and 
the latter will improve it. As these effects are expected to 
be of the same order they cancels out, and the results of the 
uncertainties inside the smaller areas are taken directly as 
a rough estimate of the expected results for 3 mm holes in 
larger waveguide systems. With these reservations Graph 23 
shows the expected improvement in uncextainties, obtained by 
using larger microwave systems. 
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APPENDIX A 
LU 
fig.1 
pass hol« 
\ tronsmissiontine 
U1 
Fig. 1. Sketch showing the idea of the set-up with double 
interaction of the microwave system. The pellet is coming 
from the right-hand side allowing the pass-hole in the cavity 
to be the smallest. 
fig.1a 
6.11mm. 
position of 
pass-hole in 
transmission line 
350mm. 
3.05mm. 
position of 
measuring cavity 
'0.5« 
T 
350mm. 
gun-barrel 
F i g . la. Sketch of the maximum deviation of the centre of 
because mass of the pellet from the axis of the pass-holes, 
of the scattering angle of 0.5 degrees. 
tabt W6,tt> sectiø*. A-A 
longitudinal dU+tctio*. 
- « for Pint i HtttOK. 
pass hole Universal 
direction 
Fig« 2. Indications of the axes along which the sensitivi-
ties have been investigated. 
Waxft guide 
tubt Wale ft. 3 
oe 
i 
Fig. 3. Sketch showing the chimney-pot to decrease the in-
fluence of the surroundingr. 
Fig. 4. Photograph of a 
cavity with a plain hole, 
and with a hole mounted a 
Thi»ney-pot, respectively. 
Furhtermore, a tuning 
piston and a diagram are 
shown. 
Fig. 5. Photograph show-
ing the technique in ob-
taining a movable hole 
in the transmission line. 
Fig. 6. Photograph show-
ing a test set-up with 
the hole in the trans-
mission line replaced 
by a side-branch ending 
in a cavity. 
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EXPECTED DECREASE IN SIGNALS AT LONG TRANSMISSION LINES 
Attenuation in WG 16 at 9 GHz is about 13 dB/lOOm. This means 
that the waveguide will reduce the signal with a factor of 
two for every 23 m. 
P = Po exp (-x ln2/23) (x is the length in meter) 
As the signal seen by the detector has travelled the wave-
guide twice, we have: 
Wave- Attenua- P/Po Rela- Rela- Cavity Trans, 
guide tion tive tive signal signal 
length length P/Po trans. 
length 
0.9m 1.8m 0.95 1.00 1.00 1780 mV 1220 mV 
7.0 m 14.0 m 0.66 0.69 7.77 1228 mV 108 mV 
20.0 m 40.0 m 0.30 0.32 22.22 570 mV 18 mV 
The cavity signal and transmission line signal at 0.9 m has 
been taken from the results in Graphs 11 and 17. From these 
signals the other cavity signals have been calculated from 
the extra attenuation (relative P/Po), and the other trans-
mission line signals from the extra attenuation combined with 
the relative transmission length (relative trans, length). In 
the 7 m set-up we have measured about 1200 mV and 100 mV, 
respectively. However, in the new set-up another diaphram has 
been used between the transmission line and the cavity for 
optimal operation. This means that the shift in length is not 
the only difference between the two systems, and therefore 
the extreme fine agreement between the measured and the cal-
culated results must be considered as a coincidence. Never-
theless, the calculation has been used to get an estimate of 
the expected signals for a 20 m long system, and it is seen 
that the cavity signal is expected to decrease with a factor 
of about 3, and the transmission line signal is expected to 
decrease with a factor of about 70 as compared to the 0.9 m 
set-up. 
Risø National Laboratory Ris« - M - 2597 
Tilla amé aatfcatU) 
Test o f the F e a s i b i l i t y and Accuracy of Mass 
and V e l o c i t y Measurements on P e l l e t s i n 
F l i g h t in a Microwave Set-Up w i t h a Pass-Hole 
in the transmission Line 
V. Andersen, P. Andersen 
r a t a * 4 5 TaMaa MntnMawa 2 9 Wafw—ca» 
°*
, #
 June 1986 
Oapartawat ar «*•«# 
Physics Dept. 
Or*aa<a M M rtgrsfratt«* mmittrfa) 
Prafact/caatract aa. 
JET-JD6/2160 
ISBN 87-550-1247-7 
Abstract C Max. M M ebarj 
The f e a s i b i l i t y of mass and v e l o c i t y measurements on p e l l e t s i n 
f l i g h t wi thout use of o p t i c a l equipment has been t e s t e d . The mass 
i s measured by a microwave system, and the v e l o c i t y i s measured 
by a t ime of f l i g h t in a double i n t e r a c t i o n w i th the microwave 
system. The in f luence of the s i z e of the pass-holes i n the micro-
wave guide tube has been d iscussed. 
Daacriatara 
Available an raqwaat fram ftiaa Library, ftlaa Naffanal Labarafary, (Rlaa flfcflatafc, faraagaanf««; * l »a ) , 
P.O. Bai 41 , D K - 4 0 M Rathfld«. Danmark. 
Talaahana ( f t ) IT 1212, a*t. 2212. Talaa: 4J11», Talafa i : ( | ] ) » N I I 
Available on request from. 
RiM Library, 
Riaa National Laboratory, P.O. Box 4S, 
DK-4tO» Roskilde, Denmark ISBN 87-550-12477 
Phone (92) 371212 ext.2292 ISSN 0418-6435 
